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Abstract 
This paper proposes the design of a management system of territorial planning and mobility, analyzing the relationships between 
the urban structure and mobility data from ISTAT statistics and field surveys. 
The preliminary step involves the calibration of a matrix of data mobility through an optimization model. The next step develops 
a system implemented in a GIS environment aimed to shape the spatial analysis of territorial features with determined mobility 
data. Using GIS, thematic maps can be prepared to display the mobility flows that take place in the area. 
The study is mainly aimed at identifying relationships between territorial and mobility variables. 
The expected results may help to define the strategies required for the planning of urban public transport and for location of 
suburban interchange nodes. 
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1. Introduction 
The knowledge of mobility demand is an unavoidable prerequisite for effectively tackling the critical issues 
related to the strategic choices for territorial planning. The aims of the proposed study are to estimate the Origin-
Destination matrices in different times of the day in the town of Mottola, to develop procedures that can be 
standardized and systematically applied in medium-sized municipalities, and to analyse the relationships between 
territorial features and mobility flows using GIS. The procedure involves the analysis of a wide range of available 
data concerning the mobility and it is able to acquire new ad hoc data and to process them in the last stage using the 
modeling of transportation systems. A broad bibliographic study allowed the acquisition of historical data from 
multiple sources related to mobility (O-D matrices ISTAT census, flow rates by Isfort surveys, O-D surveys, etc...) 
and to socio-economic context (ISTAT Statistics, municipality, etc.). 
O-D matrices were subsequently obtained by the ISTAT statistics on commuting and population and housing 
census. However, the available data from various sources are inadequate to build a comprehensive framework so an 
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extensive sample survey, specifically designed for the analysis of commuters, was carried out. Particularly, a 
questionnaire survey was designed to describe mobility in a day of reference. The resulting sample Origin-
Destination matrices were then projected to the statistic universe and elaborated according to the statistics 
techniques and to the demand models. 
The proposed algorithms were designed to the minimization of the differences between the measured trips and 
the corresponding trips developed by ISTAT. The algorithms were employed with the introduction of appropriate 
constraints on the variations of individual reports. Indices of correlation between trips recognized by survey and 
trips recorded by ISTAT, which are variables between 0.8 and 0.9, were obtained at the end of the procedure. The 
outcome of this procedure was the evaluation of a daily Origin-Destination matrix for different purposes (work and 
study). The next step of the proposed study was to design and to apply GIS for analyzing spatial relationships 
between the mobility data and the territorial features. Over the last few years, the adoption of Geographic 
Information Systems (GIS) has supported urban analysis. A GIS is a computer system capable of capturing, 
managing, integrating, manipulating, analyzing, and displaying geographically referenced information. GIS deals 
with spatial information which uses location within a coordinate system as its reference base (Saleh and Sadoun, 
2006). Furthermore, this tool can generate new information from those stored by the automatic overlapping of 
geographic layers, the generation of areas of influence, the analysis of networks. A GIS allows to study analytically 
the spatial relationships among the variables that characterize the phenomenon under study, because it integrate 
common tasks performed on the database, such as statistical analysis, with the advantages of graphical 
representation of data and geographic analysis offered by maps. Using GIS, researchers can manipulate a large 
amount of data and visualize urban affairs (Okunuki, 2001). The outcome of this step was the elaboration of 
thematic maps. 
The paper is organized as follows: in the next section a procedure for the estimation of mobility is presented; in 
section 3 the methodology for estimating is described; section 4 presents the procedure to correct O-D matrices; 
section 5 regards the analysis of the relationships between mobility flows and urban structure; section 6 refers to the 
analysis of the bus station service area; finally, concluding remarks are contained in section 7. 
2. A procedure for the estimation of mobility 
The reconstruction of mobility demand was conducted to value an Origin-Destination matrix, reliable and 
updated at present, obtained by integrating and processing various types of information. Available initially data can 
be classified in the following way: 
x Historic Origin-Destination Matrix from census data. 
x Sample surveys in origin and destination of trip. 
x Indicators, socio-economic data, and trip data disaggregated at different levels: provincial, municipal, census 
parcels. 
Each source provides a partial and often outdated background, in many cases statistics were compiled on the 
basis of surveys conducted on a much larger scale than the specific context of study. The simple integration of 
available data is not sufficient and, however, problematic because they were obtained with different objectives and 
investigation techniques related to different time and spatial scales. An assessment procedure, articulated in 
successive steps, was developed to make congruent data from various sources, to acquire and to integrate new data 
gradually.  
Each step is functional in an overview and then in this context must be considered. Figure 1 shows the different 
stages of the procedure, pointing out that there is sequentiality and often mutual dependency. The main steps can be 
summarized as follows: 
x Acquisition of available current and historical data, both about mobility and socio-economic context, and at 
different levels of aggregation. 
x Planning and progress of sample surveys on commuters demand and systematic demand. 
x Statistical analysis of results and extraction of Origin Destination sample matrices. 
x Estimation of O-D matrices using statistical and modeling tools from the projection of sample matrices. 
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Figure 1 Flowchart of the procedure. 
The procedure and in particular the combination of these instruments is not codified but it is necessary to play it 
from time to time in accordance with criteria of choice that takes into account several factors first and foremost the 
significance of the data available. Correction of the O-D matrix obtained from the demand models: the correction is 
performed on the basis of the measured matrix and the ISTAT O-D matrix. With appropriate constraints, algorithms 
for minimizing the deviation between the measured displacements and the corresponding displacements obtained 
from the ISTAT statistics are used. 
3. The methodology for estimating 
The classic formulation of the problem of the transport demand evaluation by counting trips from sample surveys 
at the origins and destinations, as explained above, concerns an improvement of the O-D matrix estimated and the 
possibility to update the O-D matrix continually. Although considering, as per usual practice, that the allocation 
model and the surveys represent the unbiased estimators of real flows, it is not usually possible to estimate the 
vector of demand flows with the only sample surveys. 
Denoting with d* the estimate of the O-D matrix, the problem of estimating the O-D matrix can be expressed as: 
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where: 
x d* represents the matrix of unknown O-D trips; 
x z1(x,d) represents a measure of the distance of the unknown O-D demand vector x by aprioristic estimation d*; 
x z2(v(x),f) is a measure of the distance of demand flows vector v(x) obtained assigning x to the network from 
sample demand vector of movements detected f.  
The measure of distance z(·) can be realized as “weighted Euclidean metric”, defined by the expression (2), (3) 
and the distance is measured by the standard deviations weighted in inverse proportion to the quality of the 
information contained in the matrix O-D measured by sample survey f: 
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where: 
x var[εi] indicates the variance of deviations between matrix obtained from ISTAT census data vi(x) and matrix 
measured by sample survey fi; 
x var[ηod] represents the variance of the sampling error. 
In this case, the equation provides the Generalized Least Squares Estimation (GLS). 
The (2) and (3) allow to determine demand matrix that minimizes the sum of the deviations respect flows 
observed with ISTAT matrix. The standard deviations are also weighted in inverse proportion to the variance of the 
error εi. For the case examined this term can be omitted, having assumed the correctness of the observed values. 
4. Procedure to correct O-D matrices 
The O-D matrices estimated using analytical tools, essentially statistics and modeling of demand mobility, are to 
be compared with the flows data actually measured on a daily basis and in accordance with these to be corrected and 
amended. The optimization procedure of the matrices was carried out using iterative optimization software based on 
the algorithm of Monte Carlo. In the correction procedure, the need to calibrate and apply constraints to the 
procedure was highlighted. Particular attention was paid to the changes of the maximum number of trips of each 
report, regarding that the iterative minimization algorithm follows a mathematical criterion, as the minimization of 
the deviations, applied to the detected demand flows and the assigned demand flows. 
The first constraint was applied to individual O-D relations in proportion to the size of the flows resulting from 
the procedure in this intermediate stage. The highest percentage increase compared to starting value was defined as 
equal to 200%. Weighting each pair of O-D survey in the function of minimizing the deviations was another trick to 
explicit the need to take into account the specific reliability of each average input demand data. Therefore, the 
weight of O-D pairs, whose distribution of demand values has a width of the confidence interval equal to or 
exceeding one fifth of the average application time, was reduced by 20%. Highly variable average values, such that 
leads to a particularly wide confidence interval, represent a reference that should be less binding in the process of 
correcting the O-D matrix. This variability is attributable to the defects of the measures and to the actual variability 
of demand. Finally, given the sample information, the possibility that certain reports were not represented because 
of a lack of sampling was taken into account. Therefore, upstream of the correction procedure, a symbolic Origin-
Destination matrix, still greater than zero and destined to be developed anyway in the process of correction, was 
introduced. 
Since this is an iterative process of correcting the O-D matrix, it is necessary to define the number of iterations at 
which to stop the procedure. This value, assumed constant for the various bands, was determined by the 
performance of the main statistical indicators, as the correlation coefficient between the O-D demand matrix and the 
measured O-D matrix. The maximum number of iterations was contained so as to control the effects of procedure 
and not to distort the initial O-D matrices. In figure 2(a) and 2(b) the results before and after correction are reported 
with the results of the sample survey and the percentage of variation for the different trip purposes. 
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Figure 2 (a) Trips before and after optimization for work purpose; (b) Trips before and after optimization for study purpose. 
Table 1 Percentage change in demand before and after optimization for work and study purposes. 
Id Zone 
Work purpose  Study purpose 
Ante Post % Variation  Ante Post % Variation 
1 16 12 -25%  0 7 - 
2 22 16 -27%  5 9 80% 
3 78 46 -41%  8 19 138% 
4 0 2 -  0 3 - 
5 54 33 -39%  33 98 197% 
6 0 5 -  0 14 - 
7 22 15 -32%  8 21 163% 
8 48 31 -35%  32 26 -19% 
9 16 10 -38%  28 16 -43% 
10 32 22 -31%  24 21 -13% 
11 32 23 -28%  28 24 -14% 
12 22 16 -27%  8 11 38% 
13 38 23 -39%  17 16 -6% 
15 91 57 -37%  20 33 65% 
17 16 20 25%  31 42 35% 
18 48 31 -35%  24 21 -13% 
19 32 28 -13%  46 51 11% 
20 48 33 -31%  25 23 -8% 
21 64 37 -42%  20 22 10% 
22 16 13 -19%  5 11 120% 
23 16 14 -13%  12 36 200% 
24 16 13 -19%  13 12 -8% 
26 38 27 -29%  8 12 50% 
27 16 12 -25%  8 10 25% 
39 16 13 -19%  8 13 63% 
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5. Analysis of the relationships between mobility flows and urban structure 
An urban spatial structure is a spatial arrangement of a city in which it is a result of the interaction between land 
markets, topography, infrastructure, taxation, regulations and urban policy over time (Bertaud and Stephen, 2003). 
Many urban processes are intrinsically spatial and space dependent (Páez and Scott, 2004). Railways, road 
networks, civil and industrial building and other constructions built on territory fit for people’s needs, therefore their 
location is not random but it is the outcome of processes concerned with all the elements of the urban systems.  
About an urban area, it is interesting analysing the spatial distribution of buildings and infrastructures according 
to the territorial features and the distribution of population and human activity. In fact, this analysis allows 
understanding how urban structure develops over time and how the different urban sub-systems influence each 
other. To find the processes of spatial distributions, it is necessary to manipulate a large amount spatial data about 
urban areas using spatial analysis techniques. These techniques were recently used in the study of urban analysis.  
In this paper, the interactions between transportation system and land-use are drawn. Particularly, the 
relationships between mobility flows and urban structure are underlined. The mobility flows, defined in the previous 
paragraphs, are commuting trips produced within the town of Mottola toward near towns. 
The matrix of total daily trips for both studying and working was represented graphically by a thematic map in 
which each census parcel is associated the average number of daily trips issued (figure 3). The census parcels with 
the largest number of daily trips are represented with a darker shade of colour and are located at the city centre and 
close to public transportation station. Moreover, the figure shows that, for the most census parcels, the number of 
daily trips decreases with the distance from the bus station. This trend comes out from a first global analysis of the 
data. Indeed, the number of trips issued from a zone does not depend only on the distance from the bus station but 
also by other variables such as population, age, employment, socio-economic conditions, and car availability. Not all 
these variables, however, are considered in the analysis undertaken in this work. 
 
 
Figure 3 Total daily trips. 
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The analysis of the urban structure was performed according to the zoning of the development plan (Piano 
Regolatore Generale). The area of each census parcel was divided according to the different planning zones which 
have certain characteristics. Among all zones, those where there are residential buildings were selected.  
The zoning was overlapped on the census parcels for identifying the volume of residential building of each zone 
present in each census parcel. An indicator of population distribution was obtained by dividing the volume of 
residential building of the zone to the total volume of the census parcel. Using the indices determined in accordance 
with this procedure, the number of inhabitants was determined for each zone in the considered census parcel. 
The figure 4 shows the comparison between the distribution of population in the central town area and the 
number of trips issued for census parcel. The section which has the highest number of daily trips is characterized by 
high concentrations of population and is about 300 meters from the bus station that can be reached by walk. Other 
census parcels have the same characteristics but a minor number of daily trips. Finally, the suburban placed in south 
respect to the center are the parcels census with the fewer daily trips. 
 
 
Figure 4 Relationship between total daily trips and urban structure. 
6. Analysis of the bus station service area 
For defining the bus station service area, the road network of Mottola was constructed using an extension of GIS. 
Each link of the network was drawn in GIS, which automatically calculated their length. The roads were classified 
in three groups: primary, secondary and local. Each group has an average road speed depending on the road type and 
traffic. The bus station service area was determined in two ways: considering the travel time measured in minutes, 
and the road distance measured in meters along the network.  
In the first case, travel time was determined according to the average road speeds; therefore, the bus station 
service area, showed in the figure 5, is related to motorized trips. From the performed analysis, it resulted that 29% 
of the resident population can reach the bus station in less than 1 minute, 56% spends from 1 to 3 minutes, 2% from 
3 to 5 minutes, and the remaining 12% spends more than 5 minutes. Accordingly, about 85% of the resident 
population can reach the bus station by making a motorized trip less than 3 minutes long. 
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Figure 5 Bus station service area evaluated in travel time (minutes). 
In the second case, the bus station service area, showed in the figure 6, was defined in terms of road distance to 
take into account pedestrian trips. In fact, knowing the path length it is possible to decide if the trip can be made 
walking. In general, the max distance which a person can walk is about 500 meters. 
 
 
 
Figure 6 Bus station service area evaluated in road distance (m). 
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Figure 7 Bus station service area for the town centre evaluated in road distance (m). 
Another thematic map was elaborated to value if the bus station can serve the resident population in the town 
centre who decided to walk (figure 7). This map shows the bus station service area until 2000 meters. Most of the 
town falls in the range between 500 and 1000 meters whereas a substantial part is over 1000 meters away from the 
bus station.  
In conclusion, the analysis of the bus station service area indicates that the bus station is accessible enough for 
the population who travels by car whereas it is not very accessible by walk because it is localized at the edge of the 
downtown. 
7. Conclusion 
The study was designed and developed not as an occasional act to estimate the demand of commuters within the 
town of Mottola, but in perspective of a systematic application both in different territorial context and in the same 
territorial context regularly over time. The periodic and regular update makes it possible to monitor the status of 
mobility and its evolutions allowing to evaluate the effects of policies and introduced structural interventions that, 
directly or indirectly, can affect the mobility and territorial planning system. 
The study was conducted to estimate the Origin-Destination matrices, to develop procedures that can be 
standardized and systematically applied in medium-sized municipalities, and, finally, to investigate the travel 
behavior of the resident population. The experience has provided many ideas to improve the efficiency and 
effectiveness in future investigations. These proposals for: 
x increase the representativeness of the sample, 
x reduce costs and lead times, 
x improve the quality of the data, 
x analysing the spatial distribution of urban structure and mobility variables. 
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